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Abstract
Greenwashing, i.e., presenting misleading environmental claims,
undermines the trustworthiness of sustainability reporting. We
present EmeraldApp, a tool designed to verify corporate sustain-
ability claims. EmeraldApp classifies claims as greenwashing, not
greenwashing, or abstains, and generates fact-based justifications.
The tool supports different LLM pipelines: EM-RAG, which retrieves
evidence from EmeraldDB, a vector database of ESG (Environmen-
tal, Social, Governance) report chunks; EM-KGRAG, which retrieves
evidence from EmeraldGraph, a domain-specific knowledge graph;
EM-HYBRID, which combines the other two retrieval pipelines; and
EM-NR, without retrieval capabilities. EmeraldApp supports quick
claim checks for end users, while advanced configuration enables
pipeline comparison and deeper inspection of factual evidence and
justification. Previously checked claims are stored in ClaimsDB and
are accessible through the EmeraldApp to improve auditability and
transparency.

CCS Concepts
• Computing methodologies → Knowledge representation
and reasoning; • Information systems → Information retrieval.
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1 Introduction
Greenwashing, the deceptive practice of presenting misleading
claims about an organization’s environmental performance, has be-
come a pervasive obstacle to genuine sustainability progress [2], cre-
ating a verification gap: given a corporate sustainability claim (e.g.,
“We have achieved 100% renewable energy sourcing”), stakeholders
often lack the tools to efficiently cross-check such assertions against
the vast, dispersed volume of corporate ESG (Environmental, Social,
and Governance) disclosures. Manual inspection and verification
remain prohibitively labor-intensive and time-consuming [1, 9],
while the ambiguity of corporate language makes it difficult to
distinguish between verifiable facts and marketing noise.

While large language models (LLMs) excel in general text tasks,
they falter in specialized verification due to: (1) hallucination of
plausible but false details [3, 4]; (2) absence of domain-specific
grounding [10]; and (3) opaque outputs lacking traceable evidence
trails. Current solutions like ecoOops [5] and Greenwashing Identi-
fier [7] primarily function as compliance auditors or risk assessment
engines, scanning entire corporate reports to assign high-level com-
pliance scores or flag general regulatory discrepancies, with limited
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support for interactive, evidence-traceable assessment of individual
claims.

In contrast, EmeraldApp is an AI-driven tool for automatic green-
washing verification and justification at the level of individual sus-
tainability claims. EmeraldApp is powered by EmeraldMind [8],
which introducesmultiple RAG-LLMverification pipelines for green-
washing detection. Unlike prior efforts, which mainly provide docu-
ment-level compliance scores or coarse risk flags, EmeraldApp
provides an interactive, evidence-traceable workflow: users submit
a claim, run it under multiple verification modes (retrieval-based
pipelines EM-RAG, EM-KGRAG, EM-HYBRID, or a no-retrieval mode
EM-NR), and receive a claim-specific verdict and a short justification.
For the RAG pipelines, the justification is grounded in domain-
specific evidence stores. These can be in a textual or subgraph
format, depending on the retrieval mode. The system also logs
verified claims and their justifications, enabling users to search,
reopen, compare, and reuse past analyses for auditing and ongoing
investigations.

2 EmeraldApp Overview
The EmeraldApp architecture (Figure 1) separates a user-centric
frontend from a modular backend that orchestrates claim verifica-
tion over shared evidence stores. The frontend provides components
for claim input and verification configuration, search and inspection
of past claims, and a results and visualization area. The backend pro-
vides access to several verification pipelines. EmeraldDB and Emer-
aldGraph hold ESG evidence in text and graph form, respectively.
ClaimsDB indexes previously verified claims for search and reuse
through the ClaimManager. The source code for EmeraldApp is pub-
licly available at: https://github.com/ai4greenwashing/EmeraldApp.

2.1 Backend
This section describes the core backend components that enable
evidence-grounded claim verification in EmeraldApp: the evidence
stores that hold ESG knowledge, the pipelines that retrieve and
reason over it, and the mechanisms for revisiting past analyses.

2.1.1 Evidence Stores. The backbone of EmeraldApp is its evidence
stores for claim verification. EmeraldDB is a vectorized document
store. It contains ESG report passages as embeddings, along with
contextual metadata (e.g., report, company, year, page) and prove-
nance needed for traceable retrieval. EmeraldGraph is a domain-
specific property graph. It contains ESG entities and typed relations
that link organizations to KPI observations, goals, claims, and sup-
porting documents. These stores surface ESG-specific evidence that
is often missing from generic knowledge bases. They also enable
auditable reasoning by combining retrievable text context with
explicit graph paths.

The stores are populated automatically from corporate ESG re-
ports using a parsing and normalization pipeline. KPI definitions [6]
from standards such as GRI provide consistent grounding for in-
dicator names, units, and numerical interpretation. A predefined
schema (see details in [8]) constrains entity types, relations, and
attributes and separates conceptually distinct disclosures (e.g., tar-
gets vs. realized performance). This structure supports fine-grained
retrieval of evidence (or counter-evidence) for a claim and enables
transparent, evidence-backed justifications.

Finally, the annotated sustainability claims form a dedicated
ClaimsDB, which stores natural language assertions together with
their labels, provenance, and, when available, human- or model-
generated justifications. This repository serves as a source of linguis-
tic templates for typical corporate statements and as a benchmark
for evaluating new predictions, enabling EmeraldApp to support
activities such as searching past decisions, reusing verified evidence,
and comparing system outputs across pipelines.

2.1.2 ClaimVerification Pipelines. EmeraldApp supports fourmodes
for verifying sustainability claims: EM-RAG, EM-KGRAG, EM-HYBRID,
and EM-NR, implemented according to the EmeraldMind frame-
work [8]. After typing a claim, a user can select one of these
pipelines, which determines how evidence is retrieved and how the
final verdict is produced. EM-RAG is the default configuration.

The EM-RAG pipeline focuses on retrieving textual evidence from
ESG reports stored in EmeraldDB. Given a user-claim and the com-
pany name, the Document Retriever queries the EmeraldDB for
semantically relevant text chunks from the corresponding ESG re-
ports. The claim and the retrieved textual evidence are then passed
to an LLM Verifier, which reasons over this context to generate a
verdict and justification returned to the user.

The EM-KGRAG pipeline leverages the domain-specific Emerald-
Graph to provide structured factual context. For a given claim, the
system locates the relevant entities in EmeraldGraph, and Graph
Retriever uses a graph-based context retrieval algorithm to extract
an evidence subgraph. This subgraph, together with the claim, is
passed as structured context to the LLM Verifier, which produces a
verdict and justification analogous to the EM-RAG case.

Tomaximize classification accuracy and coverage, the EM-HYBRID
pipeline combines both text and graph retrieval, following the hy-
brid design introduced in EmeraldMind [8]. When a user selects
EM-HYBRID, the system runs the EM-RAG and EM-KGRAG pipelines in
parallel and forwards their verdicts and justifications to an LLM
Judge. The LLM Judge compares the alternatives and returns a final,
consolidated verdict and justification to the user, together with the
corresponding evidence.

The EM-NR pipeline serves as a no-retrieval baseline. The user
claim is passed directly to the LLM Verifier, which produces a verdict
and justification based only on the prompt instructions and the
model’s internal knowledge. This mode is used to contrast retrieval-
grounded verification with unguided LLM reasoning.

2.1.3 Past Claims Management. The Claims Manager provides a
persistent layer for logging, indexing, and reusing previously veri-
fied sustainability claims within EmeraldApp. It stores each claim
together with its final verdict, justification, associated evidence
(text passages or subgraphs), and metadata such as company, year,
and pipeline used. This enables users to search and filter historical
decisions, quickly retrieve past analyses for similar or recurring
statements, and compare how different pipelines behaved on the
same or related claims. By turning past verifications into a queryable
knowledge base, EmeraldApp supports auditability, monitoring of
model behavior over time, and interactive exploration of emerging
greenwashing patterns across companies and reporting periods.

https://github.com/ai4greenwashing/EmeraldApp
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Figure 1: EmeraldApp Overview

Figure 2: EmeraldApp interface with graph evidence for a non-greenwashing claim

2.2 Graphical User Interface
EmeraldApp’s interface follows a dual-panel layout, with the ele-
ments on the left dedicated to user input and past claims, and the
right reserved for results. The Enter Your Claim area on the left lets
users type a natural-language sustainability statement and select
the company of interest. Optional advanced settings allow users
to choose the reporting year, switch pipelines (EM-RAG, EM-KGRAG,

EM-HYBRID, or EM-NR), and adjust prompting (zero-shot vs. few-
shot), as illustrated in Figure 2. A quick query can be performed
using the default configuration strategy (EM-RAG with a zero-shot
prompt) by pressing the Verify Claim button without any additional
configuration (Figure 3).

The right-hand Results panel contains all output for the active
claim. A header summarizes the claim under review, the selected
company, and the active configuration (year, pipeline, and prompt),
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Figure 3: EmeraldApp interface with textual evidence for a detected greenwashing claim

and shows a color-coded verdict badge: red for “Greenwashing
Detected” (Figure 3), green for “Not Greenwashing” (Figure 2), and a
neutral color for “Abstain”. Below, the Justification section presents
a concise justification grounded in retrieved ESG evidence; for
example, in Figure 3, the justification references specific passages
from the context. This is essential, as it helps users understand why
a verdict was produced rather than treating it as a black-box label.

An expandable Context & Evidence view then reveals the un-
derlying support: for text-based pipelines, it displays numbered
passages from EmeraldDB (Figure 3); for graph-based pipelines, it
shows an interactive subgraph from EmeraldGraph where hovering
over nodes reveals detailed node metadata (Figure 2). These visu-
alizations make the reasoning process tangible for users, allowing
them to quickly assess whether the evidence is appropriate and
how different configurations change the system’s behavior. Finally,
a user can save the results of the query made through the save
button (Figure 2).

The Past Claims collapsible section (Figure 3) includes a table that
lists previously verified claims with their companies and verdicts.
Search and column-view controls let users filter entries and reveal
configuration details. By selecting a row and pressing Populate
Form, the corresponding claim and settings are reloaded into the
Enter your claim area, and the associated results are restored in
the Results section, supporting fast re-runs and deeper evidence
inspection. At the bottom, an Upload ESG Report widget (Figure 3)
supports drag-and-drop or file browsing for PDF reports, which are
ingested so that new disclosures become immediately available for
verification.

3 Demo Scenarios
During the demo session, the user enters a claim, selects the organi-
zation, and runs verification. The system returns a verdict, a short
justification, and the most relevant supporting evidence chunks.
The user can then open the advanced settings to rerun the same
claim with different configurations (e.g., pipeline and prompt) and
view the corresponding results and evidence (text, graph). The user
visits the past claims menu, filters the claims based on the company
of interest, and reopens selected runs. Finally, the user downloads
the results with the Save button.

4 Conclusions and Future Work
EmeraldApp is an AI-driven tool for greenwashing detection. It
provides a verdict and a fact-based justification for each submit-
ted claim by combining text- and graph-based retrieval from ESG
knowledge. As future work, EmeraldApp can be extended with
user authentication and personalized workspaces, allowing users
to log in, view, and manage their own history of verified claims,
selectively save important analyses, and upload and analyze pro-
prietary data. Finally, a dedicated comparison view for running the
same claim through multiple pipelines side by side would further
help users understand how different configurations affect verdicts,
evidence, and justifications.
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